We present detailed chemical analyses for a sample of twelve stars selected from the CH star catalogue of Bartkevicius (1996) . The sample includes two confirmed binaries, four objects that are known to show radial velocity variations and the rest with no information on the binary status. A primary objective is to examine if all these objects exhibit chemical abundances characteristics of CH stars, based on detailed chemical composition study using high resolution spectra. We have used high resolution (R ∼ 42000) spectra from the ELODIE archive. These spectra cover 3900Å to 6800Å in the wavelength range. We have estimated the stellar atmospheric parameters, the effective temperature T ef f , the surface gravity log g, and metallicity [Fe/H] from LTE analysis using model atmospheres. Estimated temperatures of these objects cover a wide range from 4200 K to 6640 K, the surface gravity from 0.6 to 4.3 and metallicity from −0.13 to −1.5. We report updates on elemental abundances for several heavy elements, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu and Dy. For the object HD 89668 we present the first abundance analyses results. Enhancement of heavy elements relative to Fe, a characteristic property of CH stars is evident from our analyses in case of four objects, HD 92545, HD 104979, HD 107574 and HD 204613. A parametric model based study is performed to understand the relative contributions from the s-and r-process to the abundances of the heavy elements.
INTRODUCTION
CH stars are characterized by iron deficiency and enhancement of Carbon and s-process elements. Majority of the CH stars are known as binaries with white dwarf companions that are presently not visible (McClure 1983 , McClure & Woodsworth 1990 . The companion white dwarfs produced heavy elements while passing through the AGB stage of evolution; these material are received by the CH stars through mass transfer enriching their surface chemical composition. CH stars thus provide an important means to study the production and distribution of heavy elements arising from AGB nucleosynthesis.
Inspite of their usefulness, literature survey reveals that detailed chemical composition studies are not available for many CH stars. The CH star catalogue of Bartkevicius (1996) lists about 261 objects, 17 of which belong to ω Cen globular cluster. Many of the objects listed in this catalogue have no information on binary status.
It would be interesting to compare and examine the abundance patterns of elements observed in the confirmed binaries with their counterparts in objects that have no information on binary status. While long-term radial velocity monitoring are expected to throw light on the binary status, detailed chemical composition studies could also reflect on the binary origin.
Previous studies along this line include a detailed chemical composition study of ten objects from the Bartkevicius catalogue by Karinkuzhi & Goswami (2014) (paper 1) . This study revealed that only five objects out of ten, exhibit abundances of heavy elements with [Ba/Fe] (Christlieb et al. 2001) have shown that about 33 per cent of the objects are potential CH star candidates (Goswami 2005 , Goswami et al. 2007 , 2010a . Analyses of high resolution Subaru spectra for a sample of them, have shown the object HE 1152−0355 to be a CH star, and HE 1305+0007, a CEMP-r/s star (Goswami et al. 2006) . A large fraction of CEMP-s and CEMP-r/s stars show radial velocity variations, based on which these stars are suggested to be all binaries (Lucatello et al. 2005) , and that the CEMP-s stars are the more metal-poor counterparts of CH stars.
Although high resolution spectroscopic analyses of CEMP stars have shown that a variety of production mechanisms are needed to explain the observed range of elemental abundance patterns in them, it is widely accepted that the binary scenario of CH star formation is the most likely formation mechanism also for CEMP-s stars (Barbuy et al. 2005; Norris et al. 1997a Norris et al. , b, 2002 Aoki et al. 2001 Aoki et al. , 2002a Aoki et al. ,b, 2007 Lucatello et al. 2005; Goswami et al. 2006 , Goswami & Aoki 2010b .
In this work we have considered another twelve objects from the catalogue of Bartkevicius (1996) for a detailed chemical composition study. Detailed high resolution spectroscopic analyses for this sample of objects are either not available in the literature or limited by resolution or wavelength range. Polarimetric studies of carbon stars by Goswami & Karinkuzhi (2013) include six objects from this sample. Among these three objects show percentage V-band polarization at a level ∼ 0.2 per cent (HD 55496 (pv per cent ∼ 0.18), HD 111721 (pv per cent ∼ 0.22), and HD 164922 (pv per cent ∼ 0.28)) indicating presence of circumstellar dust distribution in non-spherically symmetric envelopes. The other three objects, HD 92545, HD 107574 and HD 126681, show V-band percentage polarization at a level < 0.1 per cent.
The sample of programme stars includes two confirmed binaries, HD 122202 and HD 204613. Four objects in this sample, HD 55496, HD 92545, HD 104979 and HD 107574 are known to show radial velocity variability, and for the rest, none of these two information is available. In the following text, for convenience, we will refer the objects that are confirmed binaries as group one objects, those with limited radial velocity information as group 2 objects and the objects for which none of these information are available as group three objects. One of our primary objectives is to estimate the abundances of heavy elements and critically examine the abundance patterns and abundance ratios to check if they exhibit characteristic abundance patterns of CH stars.
Among CEMP stars the group of CEMP-r/s stars show enhancement of both r-and s-process elements ( 0 <[Ba/Eu] < 0.5 (Beers & Christlieb 2005) ). None of our objects in the sample are found to show [Ba/Eu] ratios in this range. Four objects show characteristic heavy element abundance patterns of CH stars. Based on our analyses, the others certainly do not belong to this class of objects.
Source of the high resolution spectra is described in section 2. Estimates of radial velocities are presented in section 3. Temperature estimates from photometry are discussed in section 4. Estimation of stellar atmospheric parameters are presented in section 5. Results of abundance analysis are discussed in section 6. In section 7 we present brief dis- Figure 1 . Sample spectra of a few programme stars in the wavelength region 5160 to 5190Å, cussions on each individual star. Estimated stellar masses are discussed in section 8. A discussion on the parametric model based analysis is presented in section 9. Conclusions are drawn in section 10.
SPECTRA OF THE PROGRAMME STARS
Low-resolution spectra of these objects obtained from 2m Himalayan Chandra Telescope at the Indian Astronomical Observatory (IAO), Hanle using HFOSC clearly show strong features due to carbon. HFOSC is an optical imager cum spectrograph for conducting low-and medium-resolution grism spectroscopy (http://www.iiap.res.in/iao/iao.html). High resolution spectra necessary for abundance analyses of the programme stars are taken from the ELODIE archive (Moultaka et al. (2004) ). This archive contains a large collection of high-resolution spectra acquired with the 1.93 m telescope at the Observatoire de Haute Provence (OHP) using the ELODIE spectrograph (Baranne et al. 1996 ). An online reduction software program TACOS automatically performs optimal extraction and wavelength calibration of data. The spectra consist of 67 orders with near constant inter order spacing. The resolution of the spectra is ∼ 42000 and cover the wavelength range 3900Å to 6800Å. A few sample spectra are shown in Figures 1 and 2 . The basic data for the programme stars obtained from the SIMBAD database are listed in Table 1 .
RADIAL VELOCITY
Radial velocities of the programme stars are calculated using a selected set of clean unblended lines in the spectra. Estimated mean radial velocities along with the standard deviation of the mean values are presented in Table 2 . The literature values are also presented for a comparison. Reports on radial velocity variations for a large number of CH and barium stars are available in literature (McClure (1984 (McClure ( , 1997 and McClure and Woodsworth (1990) 
TEMPERATURES FROM PHOTOMETRIC DATA
Temperatures from photometric data are estimated following the procedure discussed in paper I. Here we mention a few points relevant to the present work. Colour-temperature calibrations of Alonso et al. (1996) are used for photometric temperature determination. These calibrations were derived by using a large number of lower main-sequence stars and sub-giants, whose temperatures were measured by the infrared flux method, and hold within temperature and metallicity ranges of 4000 K ≤ T ef f ≤ 7000 K and metallicity between −2.5 and 0.0. The uncertainty in the temperature calibrations is ∼ 100 K. Although the difference between 2MASS infrared photometric system and photometry data measured on the TCS(Telescopio Carlos Sanchez) system used by Alonso et al. to derive the T ef f scales is very small, we have used the necessary transformations between the different photometric systems from Ramirez and Melendez (2004) and Alonso et al. (1996 Alonso et al. ( , 1999 . The equations are:
HT CS = H2MASS − 0.018 + 0.003(J2MASS − K2MASS)
where M is the metallicity of the star, xy indicates the JK, JH and VK. For two objects temperatures derived from both spectroscopic method and photometric method are similar. Among the rest for most of the objects the derived T eff from V-K is ∼ 350 K, and from J-H is ∼ 300 K less than the adopted spectroscopic T eff . The temperature calibrations from the T eff -(J − H) and T eff -(V − K) relations involve a metallicity ([Fe/H]) term. Estimates of T eff at four assumed metallicity values (shown in parenthesis) are listed in Table  3 . 
STELLAR ATMOSPHERIC PARAMETERS
The set of Fe I and Fe II lines used for the present analysis to find the stellar atmospheric parameters are listed in Tables 4A and 4B. The excitation potential of the lines are in the range 0.0 -5.0 eV and equivalent width in the range 20 A to 180Å. We have assumed local thermodynamic equilibrium (LTE) for our calculations. A recent version of MOOG of Sneden (1973) is used. Model atmospheres (available at http: //cfaku5.cfa.harvard.edu/ and labelled with a suffix odfnew) were selected from the Kurucz grid of model atmospheres with no convective over shooting. Solar abundances are taken from Asplund et al.(2005) . The microturbulent velocity is estimated at a given effective temperature by demanding that there be no dependence of the derived Fe I abundance on the equivalent width of the corresponding lines.
The effective temperature is determined by making the slope of the abundance versus excitation potential of Fe I lines to be nearly zero. The initial value of temperature is taken from the photometric estimates and arrived at a final value by an iterative method with the slope nearly equal to zero. Figures 3 and 4 show abundances of Fe I and Fe II as a function of excitation potential and equivalent width respectively.
The surface gravity is fixed at a value that gives same abundances for Fe I and Fe II lines. Derived atmospheric parameters are listed in Table 5 . 
ABUNDANCE ANALYSIS
Elemental abundances are calculated from the measured equivalent widths of lines due to neutral and ionized elements using a recent version of MOOG of Sneden (1973) and the adopted model atmospheres. A master line list of all the elements is generated comparing the spectra of the Derived abundance ratios with respect to iron are listed in Table 6 . In Table 7 Tables 8A, 8B , 9A and 9B.
Carbon
We have derived the Carbon abundance for our objects whenever possible using the spectrum synthesis calculation of C I line at 5380.337Å. The line list is generated from Kurucz atomic and molecular line database(http://www.cfa.harvard.edu/amdata/ampdata/ kurucz23/sekur.html). This line appears heavily distorted in the spectra of stars HD 89668, HD 111721 and HD 126681 and hence C abundance could not be determined for these objects from this line. In case of HD 148897, a very week feature of C I at 5380.337Å is detected; however, this line could not be used for abundance determination using the spectrum synthesis calculation. For the stars HD 148897 and HD 111721 the Carbon abundance is determined using spectrum synthesis calculation of the CH band at 4300Å. For HD 126681 we could not find C abundance due to severe line distortion and blending throughout the spectrum. Estimated [C/Fe] ratios are listed in Table 6 . We have derived the 12 C/ 13 C ratio for seven objects from spectrum synthesis of the CH band. The initial 12 C/ 13 C is fixed at solar value and then varied to fit the observed spectrum for the determined Carbon abundances. The estimated values lie in the range 4 to 19 and are presented in Table 5 along with the atmospheric parameters. The line list for the synthesis of CH band is taken from the Kurucz database for molecular lines. We have derived a [C/H] value of -0.23 and -1.23 for two cyanogen weak giants HD 104979 and HD 148897. For these objects Luck (1991) 
Na and Al
The abundance of sodium is derived for all the objects except HD 122202. For most of the objects we have used the lines at 5682.65 and 5688.22Å. We have also used the doublet lines at 5890.9 and 5895.9Å for determination of sodium abundances. However the resonance lines are sensitive to non-LTE effects. The observed LTE abundance ranges between −0.29 to 0.49 in the programme stars. Even though we could measure a few Al lines in our programme stars spectra, these are not usable for abundance determination of Al.
6.3
Mg, Si, Ca, Sc, Ti, V 
6.6
Ba, La, Ce, Pr, Nd, Sm, Eu, Dy
As many lines due to Ce, Pr, Nd, Sm and Dy could be measured on our spectra the standard abundance determination method using equivalent width measurements are used for abundance estimates. Spectrum synthesis calculation is also performed for Ba, La and Eu. We have estimated the abundance for Ba and Ce in all the stars. Barium (Ba): We have determined Ba abundance from spectrum synthesis calculation using Ba II line at 5853.668 A considering hyperfine components from Mcwilliam (1998 Bidelman (1981) . Barbuy (2006a, 2006b ) have reported detailed chemical abundances for these objects (Table 11) . For HD 92545, our Ce abundance is higher than their estimates. Other elements show a close similarity and within the error limits. For HD 107574, our results are fairly in good agreement with their estimates.
HD 104979, HD 148897: Luck (1991), identified these objects as cyanogen weak giants and reported elemental abundances for Y, Zr, Ce, Nd and Eu. Our results closely match with their values. In addition to these elements we could measure abundances for Sr, Ba, La, Sm, Pr and Dy. Similar to the two cyanogen weak giants HD 188650 and HD 214714 from our paper I, the object HD 148897 also does not show large enhancement in heavy elements. These three objects are of the same spectral type. The object HD 104979 shows enhancements in Ba with [Ba/Fe] = 0.94. Estimated metallicities of these objects are in the range −0.2 to −1.2.
HD 111721: Gratton and Sneden (1994) have studied this object and reported abundances for heavy elements. From our analysis and also from Gratton and Sneden (1994) this object does not show enhancement in heavy elements. The metallicity of this object is = −1.11. This object could be a possible member of the group of CEMP-no stars of Beers and Christlieb's (2005) carbon star classification scheme.
HD 122202, HD 204613: These two objects are CH sub-giants. Luck and Bond (1991) have studied the object HD 122202 and reported abundances for a few s-process elements. HD 204613 was studied by Smith (1984) ; these authors gave the abundances for Y, Zr, Ba and Nd in this object. In addition to these elements we estimated the abundances for Sr, La, Ce, Pr, Sm, Eu and Dy in HD 204613 and La, Pr and Sm in HD 122202. The object HD 122202 shows a large enhancement in Ce, Pr and Nd. However, Ba is only mildly enhanced with [Ba/Fe] ∼ 0.33. HD 204613 shows a large enhancement in all the elements except Eu. According to Beers and Christlieb (2005) classification, this object fall in to the group of CEMP-s stars with [Ba/Fe] ∼ 1.04 and [Ba/Eu] ∼ 0.98. McClure (1997) have confirmed these objects as binaries. Information on radial velocity variability and orbital elements for these objects are available in McClure (1997) . While HD 122202 shows radial velocity variations in the range −14.81 to −7.64 with an orbital period of 1290 ± 9 days; HD 204613 exhibits radial velocity variations from -95.07 to -87.85 with period 878 ± 4 days.
HD 126681: We have presented the first time abundance estimates for the elements Ce, Nd and Sm in this object. Fulbright (2000) has studied this object and reported abundances for Y and Ba. This object shows a large enhancement in Nd and Sm but other heavy elements are only mildly enhanced.
HD 164922: The object HD 164922 is listed as a CH star by many authors, however, this object does not seem Luck and Heiter (2007) has studied this object and reported abundances for Y, Ba, Ce, Pr, Nd, Eu. Along with these elements we have estimated abundances for Sr, Zr, La and Sm. This object does not show large enhancement of heavy elements, a characteristic of CH stars.
STELLAR MASSES
We could estimate the stellar masses for eight objects in our sample from their locations in the Hertzsprung-Russel diagram (Figures 8 and 9 ), using the evolutionary tracks (Girardi et al. 2000) in the mass range of 0.15 M⊙ to 7.0 M⊙ and the Z values from 0.0004 to 0.03 These evolutionary tracks are available at http://pleiadi.pd.astro.it/. For the objects with near-solar metallicity we have selected an initial composition of Z=0.0198, Y=0.273. The masses derived using spectroscopic temperature estimates are presented in Table  12 . For six stars in our sample that have metallicities < −0.5 we used the evolutionary tracks corresponding to Z = 0.008. It is to be noted that the values of the masses obtained for these objects with Z = 0.008 are found to be similar to those obtained using evolutionary tracks corresponding to Z = 0.019. Derived stellar masses are in the range 0.6 M⊙ to 1.6 M⊙ with HD 55496 having a mass of 1.6 M⊙ and HD 148897 ∼ 0.6 M⊙. Stellar masses could not be estimated for the rest of the objects as the parallax estimates are not available in the literature. Girardi et al. (2000) . The evolutionary tracks for masses 1, 1.1, 1.2, 1.3 1.4, 1.5, 1.6 1.7, 1.8, 1.9 and 1.95 M ⊙ from bottom to top are shown in the Figure. 
PARAMETRIC MODEL BASED STUDY
Elements heavier than iron are mainly produced by two neutron-capture processes, the s-process and the r-process. Observed abundances of heavy elements estimated using model atmospheres and spectral synthesis techniques do not provide direct quantitative estimates of the relative contributions from s-and/or r-process nucleosynthesis. Identification of the dominant processes contributing to the heavy Girardi et al. (2000) . The evolutionary tracks are shown for masses 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3 1.4, 1.5, 1.6 1.7, 1.8, 1.9 and 1.95 M ⊙ from bottom to top.
element abundances in the stars is likely to provide clues to their origin. We have investigated ways to delineate the observed abundances into their respective r-and s-process contributions in the framework of a parametric model using an appropriate model function. The origin of the ncapture elements is explored by comparing the observed abundances with predicted s-and r-process contributions following Goswami et al. (2010c, and references there in) . The ith element abundance can be calculated as Ni(Z) = AsNis + ArNir 10
where Z is the metallicity of the star, Nis indicates the abundance from s-process in AGB star, Nir indicates the abundance from r-process; As indicates the component coefficient that correspond to contributions from the s-process and Ar indicates the component coefficient that correspond to contributions from the r-process.
We have utilized the solar system s-and r-process isotopic abundances from stellar models of Arlandini et al. (1999) . The observed elemental abundances are scaled to the metallicity of the corresponding CH star and are normalised to their respective Ba abundances. Elemental abun- 
CONCLUSION
Results from our analyses of a group of twelve stars from the CH star catalogue of Bartkevicius (1996) are presented. Abundances for 22 elements are estimated. Except for HD 55496 with radial velocity 315.2 Kms −1 , the rest are low velocity objects. HD 55496 is also listed in the Ba star catalogue of Lü (1991) . This object with a metallicity of Bartkevicius (1996) * Objects are also included in Ba star catalogue of Lü (1991) 1. Our work 2. Luck & Bond (1991) 3. 4. Allen and Barbuy (2006a) 5. Luck 1991 6. Gratton & Sneden (1994 ) 7. Fulbright (2000 8. Luck & Heiter (2007) (Ryan et al. (2005) , Carollo et al. (2012) ). In our sample four objects have [C/Fe] ≥ 0.5. The Objects HD 89668, HD 111721, HD 148897, HD 164922 and HD 167768 give near solar or mildly under solar value for [C/Fe]. These objects also show near solar or underabundant [Ba/Fe] value. Although other heavy elements are mildly enhanced in these objects, these objects are unlikely to belong to the group of CEMP or classical CH stars.
We have estimated the Ba abundance for all the objects in our sample, however abundance of Eu could be measured only for four objects. Following the abundance criteria of Beers and Christlieb (2005) The parametric model based analysis indicates higher contribution from the s-process than that of r-process to the abundances of heavy elements observed in these objects.
CH stars are low-mass objects. Eight objects in our sample for which we could estimate stellar masses are found to be low-mass objects with masses in the range 0.6 M⊙ to 1.6 M⊙. Stellar masses could not be estimated for the rest four objects as the parallax estimates are not available in the literature. These four objects HD 122202, HD 89968, HD 126681 and HD 164922 have [Ba/Fe] <0.33 with HD 89968 giving a [Ba/Fe] estimate of ∼ −0.24. These objects do not qualify as CH stars. Abundance ratios of the sample stars show a large scatter with respect to [Fe/H] (Figure 14) . [X/Fe] ratios of the heavy elements for most of the objects belonging to group 3 are distinctly lower than their counterparts observed in the stars of group 1 and 2. Abundance ratios of Eu with respect to Fe observed in three stars of group 3 show similar values as those seen in two objects of group 2.
Population I Ba stars are believed to be metal-rich counter parts of CH stars. Both CH stars and Ba stars are known to show enhancement in heavy elements. A comparison of the abundance ratios of heavy elements with those observed in barium stars (solid squares) and CEMP stars from Masseron et al. (2010) Figure 15 ). These objects do not seem to belong to the group of CH stars as far as the chemical composition of heavy elements are concerned. Masseron et al. (2010) and Ba stars (solid squares) from Allen and Barbuy (2006a) .
